The RCS rat suffers from a genetic degeneration of retinal celL We have examined the pattern of oxidized and reduced monapterin and biopterin in retinas from RCS retinas and controls. The ratio of oxidized monapterin to reduced monapterin was significantly increased compared to controls. Since oxidized pterins have been shown to affect the enzyme (HIOMT) to successivly increase the content of melatonin, it can be suggested that destruction of visual cells by light exposure is based on an increase in melatonin content. Consequently, a lack of dihydro-d-monapterin reductase is postulated to be causative in the pathway for blinding in RCS rats.
Introduction

Dopamine (DA)
DA is known to play an important role in retinal light adaptation processes. Very recently, we reported that tetrahydromonapterin (MIL) as well as tetrahydrobiopterin (BH4) can support dopa biosynthesis and that the successive decarboxylation by retinal aromatic aminoacid-decarboxylase (AAOC) results in DA synthesis. (Cremer-Bartels, Gerding Krause 1995) . We further reported recently that light exposure of retinal tissues increases the content of BIL and MIL respectively. (Cremer-Bartels, Gerding Krause 1993, Cremer-Bartels et al 1992). We assume that the mechanism of photoreduction of pteridines is involved in retinal light adaptation. Photoreduction of biopterin in a very short time scale was confinned by Ledbetter (Ledbetter 1992 Ledbetter Pfleiderer Freisheim 1993, Ledbetter, § Author to whom correspondence should be addressed.
Pfleiderer, Freisheim 1995).
Recently, we proposed a self-sustaining pterin depending cycle which catalyses the photoreduction of pteridines (Cremer-Bartels, Gerding, Krause 1995) . Tetrahydropterins are cofactors of DA synthesis. DA has been shown to be the modulator of light-adaptation, whereas melatonin is the modulator of darkadaptation.
Melatonin
Melatonin is involved in the regulation of dark adaptation of the retina because light exposure decreases melatonin content in the retina (CremerBartels 1981). Experimental increase of melatonin in the light exposed retina results in the destruction of visual cells (Bubenik and Purtill 1980) . The last and key enzyme in the biosynthestic pathway of melatonin is the hydroxyindole-O-methyltranferase (HIOMT), and this enzyme is activated by oxidized pterins. Experiments with purified HIOMT point to product inhibition by S-ade-nosylhomocysteine, the reaction product from the cofactor S-adenosylmethionine. Addition of oxidized pterins counteracted the product inhibition. So finally addition of oxidized pterins increased the melatonin biosynthesis (Cremer-Bartels 1985).
Pteridines in redox mechanism
The above mentioned experimental results point to an important role for the redox condition for pterins in the retina. BH4 application in LE rats affected the ERG of the retina. This response was similar to DA response (Krause et aI 1994) . The reduced pterins are cofactor for DA synthesis which is involved in light adaptation. Furthermore, the photoreduction of oxidized pterins increases the supply of reduced pteridines. In the dark however, this supply is succesively decreased and the supply of oxidized pterins increases which is likely to increase the melatonin content of retina. In conclusion, reduced pteridines are paralleled with light adaptation;meanwhile, and oxidized pteridins with dark adaptation respectively.
Rat retina
The pattern of pteridines in the retina depends on species. The main constituents of the rat retina are biopterin and monapterin (Gerding et aI 1990) . Zeitler, 1994 proved the presence of d-monapterin in the mammalian retina. The so called RCS rat (Royal College of Surgeons London) suffers from genetic degeneration of visual cells about one month after birth. This rat strain has been utillized as a model of retinopathia pigmentosa in humans. Already, Dowling and Sidman in 1962 demonstrated that the function of the visual cells is elongated in young RCS rats kept in darkness. Bubenik and Purtill showed in 1980 that melatonin treated rats developed more severe impairment of retinal sructures compared to controls. In a similar study, rats treated with bromocriptine, a potent stimulator of dopamine receptors, developed far less damage in their retinas than controls.
These observations point to a possible imbalance of pterine-reducing or oxidising enzymeactivities respectively. An increase in oxidized pterins should be paralleled by an increase in mela-:onin which has been shown to be dangerous to ~_-r: integrity of the light exposed retina.
< r:med of special interest to examine the \·01 7 / No. 4 redox condition of pteridines in the degenerated rat retina compared to rat retina with normal vision. To this end, two different methods had to be applied. The oxidized biopterin and monapterin were determined according to the method described by Fukushima and Nixon (1980) using fluorescence detection. The reduced tetrahydobiopterin (BH4) and dihyciromonapterin (MH 2 ) were determined according to the method described by Brautigam et al (1982) using electrochemical detection. It was not possible to apply the two HPLC methods to the same rat groups, since the content of reduced pterins in the degenerated rat retinas are below the accurate detection limits.
Wistar (albino) and Long Evans (black hodded pigmented rats) were compared as controls for the RCS rats.
In preliminary experiments with RCS retina, we could not detect any MH4 suggesting that normal dihydromonapterin reductase-activity is lacking in these animals. Although the presence of dihyciromonapterin (MHz) should be proved. MHz is assumed to be synthesized via GTP and dihydroneopterin-phosphate. However the biosynthetic pathway of d-dihyciromonapterin has not been clearly established so far. BH4 and MH4 dissolved in water undergo fast oxidation at room temperatures. It may be suggested that oxidation of BH4 and MH4 in the retina leads to the presence of BH2 and MH 2 • Eight to sixteen eyes of RCS rats had to be prepared to get enough retinal tissues, to reach the detection limit of the reduced pteridines. The time of preparation of all tissues takes about one hour. To follow the possible oxidation of BH4 and MH4 after death of the rats, the following experimental series were performed with the decrease of BH4 and MH4 examined up to 100 minutes in vitro.
1. We determined the decrease of synthetic BH4 and MH4 dissolved in water at 25°C over a period of 100 minute and 2. We tried to identifY the oxidation products dihycirobiopterin (BH2) and dihydromonapterin (MH 2 ) and 3 . We determined reduced and oxidized biopterin and monapterin in retinas of RCS, Long Evans and Wistar rat retinas.
Insight into the role of monapterin seemed of special interest, since significantly reduced monapterin was found in humans suffering from recessive retinopathia pigmemosa. In erythrocyres, lymphocytes and serum a decease compared with healthy controls has been reported previously Material and Method (6R)5 ,6,7 ,8-tetrahydro-l-biopterin dihydrochlorid, (6R,S)5,6,7,8-tetrahydro-I-monapterine , 7,8 -dihydro-l-biopterin and 7,8 -dihydro-l-monapterin, biopterin, monapterin were obtained from Schirks, Jona, Swistzerland. Dithioerythritol, perchloric acid from Serva Heidelberg, water purissima Deventer Holland. RCS rats were a gift from Professor Dr. EI-Hifnavi University of Lubeck, Germany. The rats were further raised in our laboratories. Wistar (W) and Long Evans (LE) rats were obtained from the Zentralinstitut fur Versuchstiere in Hannover, Germany. All rats were adapted to light 500 Ix from 6 p.m. to 6 a.m . and kept dark during the day . The rats were decapitated after ether anesthesia between 10 a .m. II a.m . to exclude diurnal vatiations. Control rats LE and W rats in the age of 2-12 month and also RCS rats in the age of 2-12 month were used in this study. The RCS rats are all blind after about 6 weeks . Preparation of the eyes was performed in dim light illumination. The eye balls were dissected and stored on ice . The eye was open end near the limbus, the cornea cut off, and lens and vitreus discarded. The tunica interna bulbi was scraped off with a knife on a glass plate . This allowed the preparation of neural retina with its epithelium.The tissues were brought into tubes containing 0.6 ml of 16 mM dithioerythritol and 0.1 M perchloric-acid under nitrogen and homogenized for 30 seconds .AlI glass equipment was rinsed with silane and dried at 110°C to avoid binding of pteridines to glass. Centrifugation was performed in tubes (344° 91)L 5 .5° Beckmann Munic with 40,000 RPM for 15 minutes. The supernatant was analysed by HPLC immediately, or kept frozen untill analysed . A Beckmann Gold HPLC system was used for electrochemical detection with Methrom 0.41 VA detector (Switzerland), mini glassy carbon electrode, column ODSII, RFS NC 5 (Bischhoff, Leonberg), precolumn C18 (Beckmann, Munich) was applied. The experiments were repeated 10-14 times and the standard deviation determined.
Supernatant of rat retinas was analysed as described above. 0 .4 mV, 0 .5 nA in experiments with Wand RCS rats, and 0.5 mV, 0.5 nA in experiments with Wand RCS rats to determine BH 4 . 0.8 mV and 1.0 nA n experiments with LE and RCS rats to determine MH 2 . The method and equipment to determine total oxidized monapterin and biopterin by fluorescence after iodine oxidation was described by Ziegler et al (1985) .
Results
Oxidation in vitro
Within 100 minutes about 2 micro Moles BH4 and MH4 per I were oxidized to about 10 percent as is demonstrated in Figure 1 . There was no difference between the oxidation rates of BH4 and MH 4 . The oxidation to the dihydropterins however differed markedly . MH2 was identified as an oxidation product of MH4 as is illustrated in Figure 2 ; where about 25 percent MH2 was found . However, only 0 .16 percent was identified as BH 2 . The experiments under in-vitro conditions showed that after oxidation of MH 4 , the oxidation product MH2 can be quantitated. 
BH4 and total biopterin in rat retina
In Figure 3 , a comparison of total biopterin with reduced biopterin (BIL) of different rat strains is presented. BH4 accounts for about 40-60 percent of the total biopterin in the retina of all 3 rat strains.The total biopterin as well as the reduced biopterin (BH4)' is significantly decreased in the retina of the blind Res rat compared to the WlStar and Long Evans rat respectively. The ratio of reduced to oxidized biopterin is not affected in RCS rats and controls as demonstrated in Figure 3 .
MH2 and total monapterin in rat retina:
In the Figure 4 , total monapterin compared with reduced MH2 is presented. About 50 percent of the total monapterin is found as MH2 in experiments with LE rats. In the Res rats, however, only 7 perent of total monapterin was found in the reduced form of MH 2 . The blind rats contain very low amounts of reduced monapterin in comparison to its oxidized form. The ratio is significantly affected in degenerated retinas.
Ratio of oxidized monapterin to oxidized biopterin and reduced monapterin to reduced biopterin
In the retina of blind rats the ratio of oxidized monapterin to oxidized biopterin was 3.4, however in the normal retina 0.5 only. This striking difference between degenerated retina and healhy retina was not found, when the ratio of reduced monapterin (MH 2 ) to reduced biopterin (BH4) was calculated. The ratio was 0.6 in the ReS retina and 0.4 in the LE control retina.
Discussion
In vitro oxidation of BH4 and MH2
The tetrahydropteridines are rapidly oxidized as was shown in Figure 1 . However, oxidation to the dihydro form occurred with MH4 only (Figure 2) . Even in the case that all MH4 was oxidized during the preparation of the ReS retina, at least some MH2 should be present. The rat retina was prepared in a dithioerythritol containing solution which prevents oxidation of the pteridines. The in vitro experiments point the phenomenon that some of the MH2 may originate from MIL oxidtion and not only from de novo synthesis from dihydromonapterinphosphate.
Biopterin and BH4 in the retina of different rat strains
The degenerated retina of RCS rats contained decreased amounts of biopterin and BH. respectively. Only 2.5pM BH4 per retina were deter-mined in the RCS rat. The controls showed about four times higher levels of BH4 in the retina. This was true for either albino and pigmented rats (W, LE) . The values of controls were in good agreement with Iuvone et al (1985) who showed 9pM BH4 in albino rat retinas. The ratio of reduced biopterin to oxidized biopterin was approximately in the range in the RCS as in the controls as is demonstrated in Figure 3 . The phenomenon of low biopterin content in the RCS retina of 3-4 week old rats has been reported previously (Krause et al 1990) . In the latter experimental seris, the biopterin content was referenced to the DNA content of the retina . The degeneration of distal ends of visual cells generally begins in the age 4-5 weeks. This low biopterin content seems to be independent of intact or degenerated visual cells in RCS rats.
Monapterin and MH2 of normal (LE) and degenerated retinas (RCS)
In the RCS retina, the amount of MH2 is significandy decreased compared to the controls (LE). About six times higher levels of reduced monapterin was found in the Long Evans rat retina compared to the degenerated RCS retina. This phenomenon seems of special interest since the total monapterin lies approximtely in the range of the controls as is shown in Figure 4 . The results point to an imbalance in the redox status in relation to monapterin in the RCS retina.
We investigated recendy the urine of different rat strains and found increased isoxanthopterin excretion in the RCS rats compared to LE and Norwegian rats (Cremer-Bartels et al 1991) . We suggested that increased oxidation of pteridines leads to the observed decreased levels of reduced pteridines such as tetrahydrobiopterin in the retina. We inhibited the increased isoxanthopterin excretion of RCS rats by feeding Allopurinol which is known to inhibit xanthinoxidase.
The results as reported above do not confirm an increased oxidative break down of BH4 as shown in Figure 3 , however, an increased oxidative breakdown of MH4 and MH2 may be suggested on the basis of the experimental results shown in Figure 4 .
Another possibility for the low amount of reduced monapterin in the RCS retina may be based on decreased reductase activity, however, nothing is known about the activity of dihydromonapterin reductase. On the basis of our experiments with cell-free bovine retina extracts, we have postulated the presence of a specific dihydromonapterin reducing enzyme (Cremer-Bartels, Gerding, Krause 1993).
Monapterin in the RCS retina
In 1989 we showed that the mammalian retina (human, bovine, rat) contained high amounts of total monapterin compared to neopterin. In those experiments the reduced pteridines were oxidised by iodine (Gerding et al 1989) . The pattern of total neopterin, monapterin and biopterin in retinas varied between different species. The ratio of total monapterin to biopterin was significandy increased in the RCS retina compared to the control or the reduced forms of RCS respectively as illustrated in table 1.
The results point to an increased content of monapterin in its oxidized form in the RCS retina. However, the metabolic function of monapterin in the retina has not been established so far . Tetrahydropteridines however, are well known cofactors of dopamine (DA) synthesis. The amount of reduced pteridines was found to be very low in the RCS retina. Concomittandy a decrease of cofactor of DA synthesis and parallel, a reduction in the mechanism of light adaptation may be the consequence in the RCS retina. Therefore, we suggest an increase in the mechanism of dark adaptation in the RCS retina. This idea is based on our recent finding that oxidized pteridines affected the kinetics for the HIOMT, the last enzyme in the synthetic pathway of melatonin biosynthesis (Cremer-Bartels 1989). An increase of melatonin is expected to be paralleled with an increase of dark adaptation. A dark adapted retina, however, is irritable to destruction by light exposure since reduced monapterin is predominandy affected in the RCS rat.
Although we have no knowledge of the human retina of patients suffering from retinopathia pigmentosa; our investigations with RCS retina point to decreased reduction of monapterin. Such a phenomenon may lead to a breakdown of retinal function.
Conclusion
The degenerated retina has a low level of reduced pteridines (BH 4 , MH 2 ) compared with controls and a high level of monapterin. A disturbance in the mechanism of light adaptation is suggested to be a reason of destruction of visual cells. It may be speculated that a decreased dihydromonapterin-reductase activity is involved in Pteridines/ Vol. 7/ No. 4 the inherited eye disease .
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